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Introduction
Pairs trading is a way of trading that attempts to cover at least one long and one short position for each trade, while statistically analyzing the relationship presented. 1 It is a popular strategy that has made its reputation in the early 80's. 2 Theoretically, the idea of pairs trading is to take advantage of market inefficiencies. An equity analyst/trader identifies two stocks that move together and trade them every time the absolute distance between the price paths is above a particular threshold value. The price relationship between the two stocks (or commodities such as gold and silver) tends to fluctuate around its average in the short term, while remaining stable in the long run. In order to make money, trader sells the main asset with highest price and buys its pair with the lowest price with the expectation of price decrease and an increase for the assets respectively. The specific details about choosing pairs and defining the threshold value in pairs trading are going to be given in the scope of the paper.
Non-traditional money managers have employed the concept of pairs trading for many years. Hedge funds and proprietary trading desks of investment banks used this statistical arbitrage strategy with an apparent degree of success. Market incompleteness such as ex-dividend date jumps, and market frictions such as transaction costs, financing costs, taxes and immediacy make the task less easy and the rewards usually lower. Also, this so-called "arbitrage" is not riskless. In practice, even in the absence of the frictions mentioned above, the arbitrage is rarely ever a "pure arbitrage", but what is often called an "expectations arbitrage". There is always some risk inherent in the strategy. This risk could be attributed to a number of areas. It might take, for instance, a microstructure nature e.g. inability to find a counterparty for an immediate sale or it might be based on pure economic fundamentals e.g. a change in investors' interest rate expectations represented by a change to the curvature of the yield curve. It 1 could be institutional in nature e.g. a sudden demand and challenge for margin payment or it could be noise trader risk where the fundamental economic values of the two securities, based on ultimate payoffs, are exactly the same, but the aggregate of informed and uninformed investors trades them at even more disparate prices than when the spread trade was opened. Usually, the pairs trader faces more than one of such risks simultaneously. 3 As far as we know pairs trading strategy is employed by some of the Turkish investment firms.
According to the quantitative analysis report of Is Investment pairs trading was a profitable strategy There are several reasons for the popularity of pairs-trading. First, the procedure is simple to understand and execute. Second, valuation models, which are subjected to wide error margins, are not required since pairs-trading is based on relative valuation and the position is often near market-neutral.
Third, it is sufficiently flexible to accommodate various investment styles. Lastly, it normally does not evoke frequent intraday re-balancing, such that actual trading can be automated and is feasibly profitable.
5
The structure of the research is presented as follows in the next sections. Section II provides a brief literature review and identifies the three main methods to implement pairs trading strategy. Section III describes the pair trading data and methodology for the ISE30 stock pairs formation procedure and trading rules. Section IV enables us to compare the performance results of pairs trading strategy. The empirical results are discussed in Section V and section VI contains concluding comments and further research suggestions in this area.
Literature Review
Pairs-trading is elusive due to the lack of academic research. Although it is based on simple contrarian principles, pairs-trading did not draw nearly as much academic attention as contrarian trading. [1991, 1993, 1995 ] to turn technical analysis from an art to a science.
Usually contrarian pair trading stipulates selling past winners and buying past loser stocks. Its execution normally involves ranking stocks based on their time t-1 returns, then take simultaneous long and short-sell positions in say the top loser and bottom winner portfolios and hold until time t. The strategy is designed to profit from overreaction and subsequent mean-reversion i.e. negative serial correlation in stock returns. Positive profits are reported in both Jegadeesh [1990] and Lehmann [1990] .
However, Lo and MacKinlay [1990] show that contrarian profits could also be driven by delayed reaction or lead-lag effects between winner and loser stocks. In brief, if stock j reacts in the same direction as stock i but with a delay, then buying (selling) j subsequent to an increase (decrease) in i should generate profits, even if neither stocks overreact. Their results show that around % 50 of contrarian profits is generated by such lead-lag effects. These methods can be shown to be applicable for special cases of the underlying equilibrium relationship between two stocks. A pairs trading strategy forcing an equilibrium relationship between the two stocks with little room for adaptation, may lead to a conclusion of "non-tradeability" at best and non-convergence at worst. 7 Three main methods to implement pairs trading, which we label: We used daily closing prices of the selected stocks. Data is principally adjusted to represent the average dividend yields for the observation period. All data is downloaded from the Reuters 3000Xtra and analyzed with a coded programme on MATLAB software. In the research we had selected the pair trading stocks from ISE30 indices which means a number of 1,752 daily observations and the total observations amount reaches to 52,560.
Pairs Formation with the Distance Method
Pairs can be identified by taking the sum of squared differences between the two normalized price series. After the normalization, all stocks are brought to the same standard unit and this permits a quantitatively fair formation of pairs. Normalized series have been generated by the following formula;
P* is the normalized price of asset i at time t, E (P) is just the expectation of P, in this case the average, and is the standard deviation of the respective stock price.
Distances between the main assets and pair assets have been generated by the following formula; Table 1 as an example for the formation methodology of this research. Stocks are determined as pairs following the 125 days formation period. As it can be seen in from the Table 1 , asset prices originally different but we rebase the series by normalization process. Starting from the day 126, we recalculate the distances for the remaining sample continuously. This process is shown in Figure 1 . We produced the distance matrices each day and then accepted the minimized distances at most 20 as the pairs. Appendix B is given as a sample DS matrix used in the research. We generated similiar kind of matrices by Matlab on each trading day (1,627 matrices, which is equal to 1,752-125). Selected pairs distance values are presented with the yellow colors in the sample matrix.
FINBN-PETKM pairs distance can also seen from the matrix. 
Trading Strategy
After the pair of each stock is identified, the trading rule is going to create a trading signal every time that the absolute distance between main asset and its pair is higher than d. The value of d is arbitrary, and it represents the filter for the creation of a trading signal. It can't be very high, otherwise only a few trading signal are going to be created and it can't be to low or the rule is going to be too flexible and it will result in too many trades and, consequently, high value of transaction costs.
After a trading sign is created, the next step is to define the positions taken on the stocks.
According to the pairs trading strategy, if the value of MA is higher (lower) than PA then a short (long) position is kept for MA and a long (short) position is made for the PA. Such position is kept until the absolute difference between the normalized prices is lower than defined treshold.
Implementing such type of strategy is based on a logic that there is a good possibility that such prices are going to converge in the future, and this can be explored for profit purposes. If the distance is positive, then the value of MA probably will reduce in the future (short position for asset MA) and the value of PA is probably going to increase (long position for the PA). The same logic is true for the cases where the distance is negative.
Pair Trading Conditions
We actually want to open a position when the price ratio deviates with more than two and half standard deviations from the 125 days rolling mean. It means that every business day we calculated distances and search for the pair trading opportunities in a continuous form (dynamic).
The parameters and trading rules which replicates similar market performances at most are shown on below.
i. Related stock's daily closing price is used as trade in and out pricing.
ii. Trade in parameter is 2.5 stdev. (d=2.5)
iii. Trade out parameter is 0.5 stdev.
iv. Every pair is opened with 1000 TL. ($/TL:1.50 avg.) 1000 TL long and 1000 TL equivalent short for its pair at the execution of a pair trade.
v. Total capital is 50,000 TL.
vi. Maximum number of days for a position to be carried is 30 days.
vii. Transaction fee is calculated on the basis of 0.0021.
viii. Borrowing cost of a stock (rebate rate) is calculated as 0.05 of a short position.
ix. Margin required for the borrowing of a stock is % 110 of a short position. (AKGRT) at the same time. We unwind the position when the distance converged to its historical trend (at 0.5 stdev). It is observed that distances between the pairs has reached to 5 during the trading period. 
VaR Analysis of Pairs-Trades
Value-at-Risk is a potentially useful framework for evaluating pairs trading risk. The VaR is useful because it provides a gauge to the potential leverage that could be applied to these strategies. Although the lessons of recent history have taught us not to rely too heavily on historical VaR measures for gauging capital needs for exploiting convergence strategies, the pairs portfolios seem to be exposed to relatively little risk.
We have employed 3 most common methods to estimate the Value-at-Risk figures of the pairs trading portfolio which are also used by most practitioners in the banks and hedge funds.
The first one is the Variance Covariance (VCV) method which is a parametric estimation of risk. Under normality assumption of the daily returns of the portfolio we have calculated risk figures with % 99 confidence level. Thus we had VaR 99% = ×2.33× where is the portfolio value, and is the portfolio standard deviation. The second one, Historical Simulation (HS) method, is one of the nonparametric methods in which we have calculated the portfolio values with the historical returns of the individual stocks using 252 as the sample size. In the end, the difference between the 3 rd worst portfolio value and the current portfolio value is taken as our VaR estimate. The last VaR method is called the Monte Carlo methodology. This framework is also used in a bunch of different disciplines such as physics, genetics and insurance. The main idea behind this framework is the random number generation process with respect to some predefined distribution. After generating the random numbers, which can also be interpreted as the shocks or news to a given firm, we calculated after-shock price of the stock by utilizing the Geometric Brownian Motion. The problem here is that the shocks generated "randomly" by the computer are originally uncorrelated. But the returns of the stocks we have in our portfolio are correlated to each other at some level. That's why by using Cholesky Decomposition, we transformed the originally uncorrelated random numbers to correlated ones in order to be consistent with the correlations we already had. At the last step, just like in HS method, we calculated the portfolio value with the new prices generated and took the difference between the worst 3 rd portfolio value and the current portfolio value as our VaR estimate.
The following figures presented in Table 3 show us our VaR estimates calculated by the methods discussed above and the returns caused by the actual changes in the stock prices. The days in which estimated VaR is higher than the actual loss are counted for each method and we have the following performance summary table for the methods in estimating VaR. We can see from the Table 3 IMKB-30 has an average of 2.20% whereas our portfolio has 1.67% as the average daily volatility.
Using these figures we can conclude that our pairs trading algorithm lets us to take the advantage of building a portfolio which has a higher Sharpe Ratio compared to a replicating portfolio of IMKB-30 benchmark.. Table 3 . Daily pairs trading maximum profit is 990 TL on the other hand maximum loss amount is 692 TL.
More favorable profit results can be achieved with tight pairs trading constraints. Our trading constraints and trading commissions take away the excess return on pairs mostly. Furthermore, the performance analysis reveals that the pairs trading strategy yields excess returns with less volatility than the market portfolio. We worked with equities that are cited in the ISE-30 index. We analyzed all possible pairs that can be formed but we focused only the assets whose prices are closely related statistically and/or fundamentally. We applied a distance method to measure the co-movement of assets' prices. Our
program signals to open a trade when this distance is above its historical averages. We sell the relatively overpriced asset and buy the relatively underpriced one. We unwind the position when this distance converged to the pre-determined level. Additionally we applied stop-loss and take profit rules as a trading rule apart from the distance rule. Furthermore an academic contribution of this research can be summarized as the dynamic approach for the pairs formation and cost evaluation of pairs trading strategy. It is observed that parameters used in this research should be optimized. We also take into consideration of all possible costs for full evaluation and comparative analysis of pairs trading strategy.
Empirical results indicated that trading commissions and stock borrowing costs generally greater than the profits generated from the pair trades. The results also indicated that pairs produced average returns of % 3.36 daily comparing with the naïve buy and hold strategy. However ISE30 daily average return performance % 0.038 between 2002-2008 period.
As explained above, pairs trading tries to exploit the co-movement of the prices of a pair of assets. It assumes that the relation that has been measured historically is stable. However, it might happen that the nature of the relation between the pairs changes due to fundamental reasons. If the relative mispricing is caused by fundamental changes in the relation, our underlying assumptions are not satisfied, hence the distance method that we have been using does not reflect the new relation and should be updated. Because of this reason we applied stop-loss and take profit rules as a trading rule. 
APPENDIX-A. ISE 30 Stocks Market Information
